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Abstract 
Compatibilized thermoplastic polyurethane (TPU) and single-walled nanotubes have been prepared using maleic anhydride as 
compatibilizer in a melt twin-screw extruder at 170 deg C with 10 min. The dispersion of carbon nanotube on the polymer matrix was 
characterized by Scanning electron microscope (SEM) and the interaction of carbon nanotubes with the polymer matrix was revealed by 
Fourier transform infrared spectroscopy (FT-IR) and Confocal Raman spectroscopy. It has been found that the formation of chemical 
bonding during melt blending may has enhanced the interaction. This compatibilized polymer blends exhibits better thermal stability 
owing to barrier effect of SWCNTs, revealed by Thermogravimetric analysis (TGA) and Differential scanning calorimetric (DSC) results. 
These results indicate that presence of CNTs on the polymer matrix having an impact on the crystalline nature of polyurethane and 
subsequently affected the endothermic behaviours of the blends. The electrical conductivity of compatiblized blends was measured and it 
was observed that the level of conductivity was increased with respect to concentrations of SWCNTs on the polymer matrix. 
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1. Introduction 
Compatibilization is the process by which two immiscible phases can be made miscible homogeneous by the addition of 
suitable material. Two polymers which are otherwise immiscible can be made miscible with the addition of other co-
polymer or graft co-polymers which acts as a reactive site for both the polymers [1]. The compatibilized blends have the 
desired properties of both the polymers with controlled morphology. When the co-polymers are added they locate at the 
interface of the two immiscible blend phase and thereby reducing the interfacial tension between the blend components thus 
stabilizing the dispersion against coalescence [2]. Of the various methods available for using compatibilizer the melt 
blending process is suitable since while melt mixing the chemical modification takes places which facilitates the better 
blending thereby reducing the cost associated with solvent removal and recovery of solvents in case of solvent process [3]. 
Maleic anhydride (MAH) functionalized polymers, have been used to compatibilize a variety of polymer blends, 
particularly blends involving polyamides, to improve their impact strength, tensile strength, permeability, heat resistance, 
crystallization, and recycling properties. A major reason for the wide use of MAH functionalized polymers is the relative 
ease with which MAH can be grafted onto many polymers at normal melt processing temperature without homo 
polymerization [4]. Ethylenic compolymer with Maleic Anhydride has been used as a compatibilizer on blending 
polyolefins  (PO) with Thermoplastic Polyurethane (TPE) [5]. In this study the stability of the morphology against 
coalescence was determined by annealing the granules in a melt bath at 170 deg C, a temperature same as that of the 
processing temperature and quenching the specimens in ice-water after annealing so as to freeze the morphology. The 
Liquid crystal polymer (LCP) and polypropylene (PP) were blended using the PP-g-MAH as compatibilizer by a two step 
process. First the PP is functionalized with MAH, extruded and cut into pieces. These are then again mixed with LCP and 
PP to form the blends [6]. The PP-g-MAH is also used as a compatibilizer in dispersing the carbon nanotubes in the same 
polypropylene [7] and found that the compatibilizers have significant role at the low naotube loadings. The earlier study 
shows that MAH has been widely used for better dispersability of the two distinct phases of polymer systems, it was thought 
that the same principle can be applied to dispersing carbon nanotubes in the TPU systems. Studies using MAH were 
involved with polyolefins are functionalized by grafting the polyolefins in the MAH. No literature according to our 
knowledge were available using the stand alone MAH as a compatibilizer. In this study we have attempted using the MAH 
for dispersing the carbon nanotubes in the thermoplastic polyurethane matrix along with a initiator called benzoyl peroxide.   
2. Materials & Methods 
2.1 Materials 
Thermoplastic polyurethane (TPU-Desmopan 385S) purchased from Bayer, Germany. TPU was dried at 80 oC for 24 h 
before use. The SWCNTs, maleic anhydride and benzoyl peroxide were purchased from Aldrich, USA and used as received.  
The SWCNTs with  diameter of 2-10  nm range and length is about 1-5μm in size. 
2.2 Preparation of TPU-MAH/SWCNTs Compatibilized blends by Twin-screw extruder 
Compatiblized blends with different loading of SWCNTs (Table 1) were prepared by melt mixing using a twin-screw 
extruder (HAAKE MiniLab microcompounder). For well dispersed SWCNTs on the polyurethane matrix the screw speed 
was 60 rpm, temperature at 190 oC for 10 min. The HAAKE MiniLab operates as a circular reactor and thus has advantage 
of both mixing and extruding the materials. The pellets form of TPU was fed to twin-screw extruder through hopper. The 
SWCNTs, maleic anhydride and initiator (BPO) were mixed prior to the processing, and then fed to the hopper. After the 
specified period of time, the blended material was extruded from the outlet die in the form of fibre and collected via a 
conveyor belt. The diameter of the fibre ranges from 1 to 2.5 mm and length of approximately 60 cm.  The continuous fibre 
was cut into small pieces (0.5 to 1 cm) and made into films under compression at 180 oC with 10 MPa for 2 min for 
characterization studies.  
 
2.3 Characterization of compatibilized blends 
 
Fourier transform infrared spectroscopy (FT-IR) spectra of the TPU and TPU-MAH/SWCNTs blends were recorded on 
ABB MB3000 Fourier transform infrared spectrometer by using ATR mode. All the spectra were collected from 4000 to 
600 cm-1, with a 2 cm-1 resolution over 80 scans.A Raman spectroscopy (RAMAN-11, Nanophoton Corporation, Japan) was 
used to investigate the structural changes of these blends. It is equipped with standard wavelength of 532 and 632 nm, with 
spectral resolution of 1.6 cm-1. He-Ne laser was used as the light source and optical filter were used to adjust the power of 
the laser. The illuminate part of the sample was focused to about 2 mm in diameter. Spectra were recorded the wavelength 
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range of 50 to 3000 cm-1.SEM micrographs have a large depth of field yielding a characteristic three-dimensional 
appearance useful for understanding the surface structure of the sample. The spatial resolution of the SEM depends on the 
size of the electron spot and it is also limited by the size of the interaction volume. Differential scanning calorimetric (DSC) 
was performed using DSC Model Q200, TA instrument, by heating the sample from -75 to 250 oC at a heating rate of 10 
oC/min in an N2 atmosphere. Thermal degradation of the compatible blends were determined by thermogravimetric analysis 
(TGA), (TG Analyzer-Model Q50, TA Instrument) from room temperature to 600 oC with a heating rate of 10 oC/min under 
N2 atmosphere. The measurement was conducted using 10-12 mg of samples. The alternate current (AC) conductivity (σac), 
dielectric constant (εr) and dissipation factor (DF) of neat TPU and TPU/MAH/SWCNTs nanocomposite were measured by 
LCR meter (LCR – 4284) equipped with four probe points. The sample was measured by placing the sample of about 12 
mm circular film under the electrode. The sample were placed between the gap of two electrode and tight it carefully.  
3. Results and discussion 
3.1 Fourier transform infrared spectroscopy  
 
The infrared spectra of neat TPU and TPU/MAH/SWCNTs were shown in the (Fig.1). The TPU spectra shows a strong 
absorption peaks at 2915 cm-1 and 2849 cm-1, which are characteristic peaks of aliphatic C-H asymmetric and symmetric 
stretching. The spectrum also exhibits the C=O stretching at 1739 cm-1 and C-O-C stretching at 1021 cm-1, due to the 
polyurethane amide and ester groups. Also, the peak based on N-H stretching vibration of urethane amide was observed at 
3460 cm-1. The sharp absorption peaks at 1468 cm-1 and 1239 cm-1 corresponds to the alkane C-H stretching and C-N 
stretching of the PU. The above characteristic peaks helps to check and confirm the purity of thermoplastic polyurethane 
polymer. The IR spectrum of TPU/MAH/SWCNTs, gives as the detail studies and valuable information about interaction in 
the TPU/MAH/SWCNTs nanocomposites. All the characteristic peaks of TPU/MAH/SWCNTs in different weight ratio 
were seen in the spectra. 
Table 1: Codes and composition of the TPU/MAH/SWNTs samples 
 
Sample 
code 
TPU (wt %) SWCNTs 
(wt %) 
MAH (wt 
%) 
Initiator 
(wt %) 
TPU 100 -- -- -- 
PUCT 1 79.8 0.1 20 0.1 
PUCT 2 79 0.5 20 0.5 
PUCT 3 78 1.0 20 1.0 
PUCT 4 76 2.0 20 2.0 
PUCT 5 74 3.0 20 3.0 
PUCT 6 72 4.0 20 4.0 
PUCT 7 70 5.0 20 5.0 
  
                                                                             
 
 
 
 
 
 
 
 
 
 
 
 
  
                        Fig. 1: FTIR spectra of TPU/MAH/SWCNTs composites  
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3.2 Raman Spectroscopy 
 
Raman is an essential tool to study the structural changes of composites. Raman peaks shift can provide an insight on the 
dispersion, of carbon nanotubes functionalization and interaction between polymer and carbon nanotubes [8]. Raman 
spectra of TPU and TPU/MAH/SWCNTs blends are shown in (Fig.2). An important characteristic is radial breathing mode 
(RBM) in the 160–300 cm-1 region, associated with a symmetric movement of all carbon atoms in the radial direction. The 
tangential mode (G-mode) corresponds to the stretching mode in the plane of graphite, and this mode is located around 1584 
cm-1. The G’ or D * band is the second-order overtone of D band which is located at 2669 cm-1.The characteristic peaks 
obtaining from Raman spectroscopy give much information about the samples. For example, the characteristic Raman 
frequencies give the composition of the materials whereas the broadening of the peaks tells about the nature of the samples. 
Similarly, the intensity of the Raman peaks tells about the amount the materials present in the samples. As the CNTs are 
concern, the characteristic peak locations of D and D* Raman bands depend linearly on the laser excitation energy and the 
dispersion of nanotubes.  When SWCNTs was mixed with polyurethane, no new Raman peaks appeared compared to pure 
SWCNTs and polyurethane but Raman shift was observed at 2848 cm-1. It is interesting that with the addition of SWCNTs, 
Raman peaks of TPU at 2848 cm-1 weakens and finally disappears at 4 wt% SWCNTs which is corresponding to υ(C-H) 
bonding. This indicates SWCNTs has a strong effect on the PU Raman spectra. This is due to the formation of π-π 
interaction on the surface of SWCNTs with TPU. The Raman intensity plays the major role to identify the distribution of 
SWCNTs. Raman intensity is partially increased with increase in concentration of nanotubes. This slight increment in the 
intensity indicates the CNTs are evenly distributed in the polymer matrix. This is due to the presence of compatibilizer 
(MAH). 
            
 
 
 
 
 
 
 Fig.2: Raman spectra of TPU/MAH/SWCNTs composites 
 
3.3 Scanning electron microscopy 
 
The TPU is composed of hard and soft segments, the hard segments generated from the reaction of isocyanates and short 
chain diol. The soft segments are from the long chain polyols. From the (Fig.3), presents the morphology of the TPU and 
TPU/MAH/SWCNTs nanocomposite prepared by melt mixing were observed by SEM. These SEM images of TPU surface 
clearly shows uniform and continuous phase. Whereas, the 1 wt% of SWCNTs incorporated blends exhibits discreet surface 
on the polymer matrix as shown in (Fig.4a).  This low concentration nanocomposite image clearly reveals that the SWCNTs 
were interconnected with polymer matrix. The SEM micrpgraph of TPU/MAH/SWCNTs blends shows homogeneous 
distribution of SWCNTs on the polyurethane matrix (Fig. 4b). Moreover, by increasing the weight percentage of SWCNTs 
content in the TPU matrix, able to observe uniform rough surface due to high and effective networking formation of 
SWCNTs with PU. This observation was evidenced by the phase changes of TPU matrix on incorporating carbon nanotubes 
and confirms the interaction of SWCNTs and PU. 
 
3.4 Thermogravimetric Analysis 
 
In order to investigate the thermal stability of the TPU/MAH/SWCNTs, the thermogravimetric analysis was carried out 
under nitrogen atmosphere. The result was shown in the (Fig.5). There was three stages of thermal degradation occurred in 
the TGA thermogram. The first stage degradation is earlier and initiated predominantly within hard segments. The second 
and third stages depend upon the presence of soft segments and degrade more slowly than hard segment. Ester groups 
present in the soft segments are more stable structure of polyurethane which is degraded at third stage most probably [9]. 
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The incorporation of SWCNTs preferably did not much improvement in the first degradation temperature, but did improve 
the second and third degradation temperature. This may be because of the carbon nanotubes rather strongly interact with the 
soft segment in polyurethane than hard segments.  
 
       
 
Fig.3: SEM photograph of pure TPU  Fig.4a: SEM photograph of TPU/MAH/SWCNTs(1%) 
 
 
 
 
Fig.4b: SEM photograph of TPU/MAH/SWCNTs (5%) 
 
At 3 wt% of SWCNTs the second degradation temperature was delayed by 25 oC, but the final decomposition temperature 
of nanocomposite was shifted into higher than neat polyurethane. It has been reported that the thermal degradation 
temperature increased with addition of CNTs. However the addition of a low content of CNTs led to an increase in the 
thermal stability upto 18 oC for 4 wt% content of CNT matrix [10]. Similarly in our results the final degradation temperature 
was shifted into 531 oC at 5 wt% of SWCNTs compared with TPU at 498 oC. The temperature deviations are shown in the 
(Table 2). From our studies it was found that nearly 25 oC, temperature shift was observed in second degradation and  32 oC 
temperature shifting was occurred in the third (final) degradation .This may due to the dispersed nanotubes which hinder the 
instability of degradation product and thereby delay the final degradation temperature. 
 
3.5 Differential scanning calorimetry 
 
DSC thermogarms of TPU and TPU/MAH/SWCNTs blends were presented in (Fig.6). The effect of different concentration 
of SWCNTs on nanocomposites, the eutectic melting point (Tem) and melting temperature (Tm) were observed. This eutectic 
melting (Tem) peak was observed at 49 oC, which may represent to the TPU soft segment melting. The similar report was 
reported in the literature [11]. The eutectic melting point of the TPU/MAH/SWCNTs shows an increment in the soft 
segment by 4 oC, this was observed for 2 wt % of SWCNT.  Even though the both the eutectic and hard segment melting 
temperatures are endothermic, the peak sharpness  decreases with increasing the addition of SWCNTs concentration. This is 
mainly due to the CNTs are strongly interact with soft segment [12] of polyurethane rather than hard segment. Therefore the 
isothermal crystallization of polyurethane is affected by even distribution of SWCNTs on the soft segment. This 
homogeneous distribution CNTs on the soft segment hinders the flow of temperature on the polymer matrix.   
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Table 2. TGA data of TPU/MAH/SWCNTs composites 
Sample code       Thermal     decomposition      temperature 
I II III 
TPU  341.26 421.60 498.60 
PUCT 1 349.69 444.07 513.36 
PUCT 2 348.58 442.62 523.92 
PUCT 3 348.76 445.94 527.68 
PUCT 4 347.58 444.25 526.23 
PUCT 5 345.13 446.16 528.09 
PUCT 6 345.50 444.36 528.96 
PUCT 7 345.73 443.92 530.18 
    
      
 
 Figure 5:TGA of TPU/MAH/SWCNTs composites      Figure6:DSC of TPU/MAH/SWCNTs composites         
 
3.6 Electrical conductivity  
 
Polymers are insulating materials in nature, they can be made conductive by adding small amount of carbon nanotubes [13]. 
Addition of even a small amount of SWCNTs  about 0.02 wt % to polyimide has enhanced the conductivity of the 
composites by 3x10-7 S cm-1  [14]. This clearly shows that the smaller weight fraction contributes to the property 
enhancements of the polymer conductivity. A number of studies have been carried out with different types of (CNTs) on 
polyurethane for studying the electrical properties [15]. In this report we were measured the AC conductivity of resulting 
compatibilized carbon nanotube blends with four-probe system. The results from these studies indicated that the level of 
conductivity varies with different weight ratios of the CNTs.  In the (Fig.7), shows that the conductivity of the 
TPU/MAH/SWCNTs compatiblE blends with different wt % of the CNTs. The conductivity of the TPU/MAH/SWCNTs 
nanocomposite shows conductivity of 1.87x10-7 S cm-1 at the initial wt % of 0.1. The highest conductivity of  7.08 x 10-7 S 
cm-1 obtained for 5 wt% of SWCNTs on the polyurethane matrix. This higher conductivity of TPU/MAH/SWCNTs blends 
were attributed due to better homogeneous distribution of SWCNTs on the polyurethane matrix. 
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Figure 7: Electrical Conductivity of TPU/SWCNT composites 
4. Conclusions 
Compatibilized thermoplastic polyurethane-maleic anhydride-SWCNTs were prepared by twin-screw melt mixing with 
different weight percentage of SWCNTs. All the compatibilized blends were analysed by the spectral, thermal and electrical 
properties. The compatibilization was confirmed by the FTIR by observing a new peak at 1715 cm-1 for MAH and a shift in 
the G* band from 2670 cm-1 to 2665 cm-1 was observed in the Raman spectra. The thermal stability of the compatibilized 
blends were increased with increasing the SWCNTs addition. The SWCNTs was interacted with the soft segment of the 
TPU than the hard segments.  The conductivity of the compatiblized blends increases with an increasing the addition of the 
SWCNTs. 
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